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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a heat treatment device, 
with which the operating characteristics and reliability of a 
semiconductor device are improved and manufacturing cost is 
reduced. 

SOLUTION: This heat treatment device is provided with a reaction 
pipe, a pressurizing means for turning the inside of the reaction 
pipe into high pressure and a light source for heating the body to 
be treated installed inside the reaction pipe. In the manufacturing 
method of the semiconductor device using such a constitution, the 
inside of the reaction pipe is held at a high pressure and the body 
to be treated placed inside the reaction pipe is heated by light 
emitted from the light source provided on the outer side of the 
reaction pipe. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Clalm(s)] 

[Claim 1]A thermal treatment equipment comprising: 
A coil. 

A force means which makes inside of said coil high voltage. 

A light source for heating a processed object installed in said coil. 

A means to make said light source turn on and switch off. 

[Claim 2]A thermal treatment equipment comprising: 
A coil. 

A force means which makes inside of said coll high voltage. 

A means to introduce a gas which heats or cools a processed object installed in said coil. 
A means to make a light source for heating a processed object installed in said coil, and said 
light source turn on and switch off. 

[Claim 3]A thermal treatment equipment having a light source on the outside of a coil, and 
holding inside of said coll to high voltage, and having a means to turn on said light source and 
to heat a processed object. 

[Claim 4]A thermal treatment equipment having a light source on the outside of a coil, and 
holding inside of said coll to high voltage, and having with a means to supply a gas heated In 
said coil, to turn on said light source, and to heat a processed object. 
[Claim 5]A thennal treatment equipment having a light source on the outside of a coil, and 
holding inside of said coll to high voltage, and having a means to supply a gas heated In said 
coil, and to tum on said light source, to heat a processed object, to supply a gas In said coll, 
and to cool said processed object. 

[Claim 6]A thermal treatment equipment having that said high voltage is the range of 1.1x10 ^ - 
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2.5x10 Pa in any 1 paragraph of claims 1 thru/or 5. 

[Claim 7]A thermal treatment equipment characterized by said light source being one chosen 
from a halogen lamp, a metal halide lamp, a high-pressure mercury lamp, a high-pressure 
sodium lamp, and a xenon lamp in any 1 paragraph of claims 1 thru/or 5. 
[Claim 8]A thermal treatment equipment characterized by said gas being one chosen from 
nitrogen, helium, argon, krypton, and a xenon in any 1 paragraph of claims 1 thru/or 5. 
[Claim 9]A manufacturing method of a semiconductor device holding inside of a coil to high 
voltage, and turning on a light source with which the outside of said coil was equipped, and 
heating a processed object placed into said coil. 

[Claim 10]A manufacturing method of a semiconductor device holding inside of a coil to high 
voltage, and supplying a gas heated in said coil, turning on alight source with which the 
outside of said coil was equipped, and heating a processed object placed into said coil. 
[Claim 1 1]A manufacturing method of a semiconductor device holding inside of a coil to high 
voltage, and supplying a gas heated in said coil, turning on a light source with which the 
outside of said coil was equipped, heating a processed object placed into said coil, supplying a 
gas in the account coil of back to front, and cooling said processed object. 
[Claim 12]A manufacturing method of a semiconductor device installing in a coil semiconductor 
membrane which had an impurity range of one conductivity type formed, holding inside of said 
coil to high voltage, and turning on a light source with which the outside of said coil was 
equipped, and heating said semiconductor membrane. 

[Claim 13]A manufacturing method of a semiconductor device installing in a coil semiconductor 
membrane which had an impurity range of one conductivity type formed, holding inside of said 
coil to high voltage, and supplying a gas heated in said coil, turning on a light source with 
which the outside of said coil was equipped, and heating said semiconductor membrane. 
[Claim 14]lnstall in a coil semiconductor membrane which had an impurity range of one 
conductivity type formed, and hold inside of said coil to high voltage, and. A manufacturing 
method of a semiconductor device supplying a gas heated in said coil, turning on a light source 
with which the outside of said coil was equipped, heating said semiconductor membrane, 
supplying a gas in the account coil of back to front, and cooling said processed object. 
[Claim 15]A manufacturing method of a semiconductor device characterized by said high 

voltage being the range of 1.1x10 ^ - 2.5x10 ^Pa in any 1 paragraph of claims 9 thru/or 14. 
[Claim 16]A manufacturing method of a semiconductor device characterized by said light 
source being one chosen from a halogen lamp, a metal halide lamp, a high-pressure mercury 
lamp, a high-pressure sodium lamp, and a xenon lamp in any 1 paragraph of claims 9 thru/or 
14. 

[Claim 17]A manufacturing method of a semiconductor device characterized by said 
semiconductor device being a liquid crystal display or a luminescent device in any 1 paragraph 
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of claims 9 thru/or 16. 

[Claim 18]ln any 1 paragraph of claims 9 thru/or 16, said semiconductor device, A 
manufacturing method of a semiconductor device being a cellular phone, a video camera, a 
digital camera, a projector, a goggles type display, a personal computer, a DVD player, a 
digital book, or a personal digital assistant. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[00011 

[Field of the lnvention]This invention relates to the manufacturing method of the semiconductor 
device which used the thermal treatment equipment and this thermal treatment equipment. 
The manufacturing method of the semiconductor device using this thermal treatment 
equipment is applied to the semiconductor device using the semiconductor membrane which 
has a crystal structure about the thermal treatment equipment in which especially this invention 
heats a processed material by radiation from light sources, such as a lamp. In this 
specification, a semiconductor device refers to the device at large which may function using a 
semiconductor characteristic, and it says. 
[0002] 

[Description of the Prior Art]ln recent years, not only that by which an integrated circuit is 
produced using semiconductor substrates, such as a silicon wafer, but the method of using the 
thin film transistor (henceforth TFT) which formed on substrates, such as glass and quartz, is 
developed. Heat treatment represented in the manufacturing process of a semiconductor 
device by the thermal annealing method at a furnace annealing furnace is an indispensable 
process, and it is [ heat treatment ] indispensable after crystallization of semiconductor 
membrane, and doping processing in particular. 

[0003]lt is because the electrical property it is better to form by the semiconductor membrane 
(it is hereafter described as a crystalline semiconductor film) which has the crystal structure 
which crystallized this amorphous semiconductor film by heat treatment can be acquired rather 
than forming the semiconductor membrane used in order to manufacture a semiconductor 
device with an amorphous semiconductor film. 

[0004]ln doping processing, the energy of the ion driven in to semiconductor membrane is 
dramatically large as compared with the binding energy of the element which forms 
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semiconductor membrane. Therefore, the ion driven in to said semiconductor membrane flips 
off the element which forms said semiconductor membrane from a lattice point, and makes a 
crystal produce a defect. Therefore, after doping processing recovers said defect, and it heat- 
treats in order to activate the impurity element driven in simultaneously. It is an important 
process to activate an impurity element, in order to make into a low resistance area the field 
where the impurity element was added and to make it function as an LDD region, the source 
region, and a drain area. 

[0005]lf semiconductor membrane is crystallized using the metallic element which promotes 
crystallization, the crystallinity of the crystalline semiconductor film formed will become good. 
However, problems, such as making the characteristic of the element obtained by said metallic 
element remaining vary etc., are shown in the inside of the film of a crystalline semiconductor 
film, or a membrane surface. That is, the metallic element with the operation which promotes 
crystallization will once be a rather unnecessary existence, if a crystalline semiconductor film 
will be fomried. Therefore, the art (gettering art) of removing a metallic element from a 
crystalline semiconductor film is developed, and it is indicating to JP.10-270363,A. With said 
gettering art, it heat-treats by adding the element belonging to 15 fellows selectively to a 
crystalline semiconductor film first. Said metallic element of the field (gettering region) where 
the element belonging to said 15 fellows is not added by said heat treatment is emitted from 
said gettering region, is diffused, and is captured to the addition field (gettering region) of the 
element belonging to said 15 fellows, as a result ~ in said gettering region ~ removal of said 
metallic element ~ or it can decrease. Even if it introduces not only the element belonging to 
15 fellows but the element belonging to 13 fellows collectively, it is checked that the gettering 
of the metallic element can be carried out. 
[0006] 

[Problem(s) to be Solved by the lnvention]Formation of a layer with a comparatively low heat- 
resistant temperature ~ a gate electrode metal-izes - is increasing as highly efficient-ization of 
a semiconductor device progresses. Since especially heat treatment after doping processing is 
performed after a gate electrode or wiring formation in many cases, to process moreover for a 
short time is desired at low temperature, and it is thought that the method which needs most 
time for heating and cooling like a fumace annealing furnace is not necessarily suitable. 
[0007]As already stated, in the manufacturing process of a semiconductor device, heat 
treatment has been an indispensable process in two or more processes. Therefore, if It can 
heat-treat in low temperature and a short time, it will become possible to reduce the power 
consumption for heating substantially. This is very important because of reduction of a 
manufacturing cost. 

[0008]ln the semiconductor device represented by the active-matrix type liquid crystal display 
which is the art for solving such a problem and is produced using TFT, this invention raises the 
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operating characteristic and reliability of this semiconductor device, and. It alms at providing 
the thermal treatment equipment which realizes reduction of a manufacturing cost. 
[0009] 

[Means for Solving the Problem]ln order to solve the above-mentioned problem, this invention 
applies thermal annealing (below Rapid Thermal Anneal: describes it as RTA) at the moment 
as heat treatment art of performing rapid heating and forced cooling. RTA is the method of 
mainly heating a substrate quickly using an infrared lamp, and heat-treating for a short time. 
[0010]And composition of a thermal treatment equipment of this invention is provided with the 
following. 
Coll. 

A force means which makes inside of a coil high voltage. 

A light source for heating a processed object installed in a coil. 

[001 1]And other composition of a thermal treatment equipment of this invention is provided 

with the following. 

Coil. 

A force means which makes inside of a coil high voltage. 

A means to introduce a gas which heats or cools a processed object installed in a coil. 
A light source for heating a processed object installed in a coil. 

[0012]Although a halogen lamp, a metal halide lamp, a high-pressure mercury lamp, a high- 
pressure sodium lamp, a xenon lamp, etc. are adopted as a light source, a thing containing a 
wavelength range which a processed object absorbs is used anyway as synchrotron radiation. 
For example, if it is a silicone film, a halogen lamp, a metal halide lamp, etc. which emit light of 
a 0.5-1. 5-micrometer wavelength range are suitable. 

[0013]lt prevents a gas introduced in a coil reacting to a heated processed object using Inert 
gas, such as nitrogen, helium, argon, krypton, and a xenon. Of course, reducing gas, such as 
hydrogen, oxygen, etc. can be introduced and it can also be made to react to a processed 
object intentionally. 

[001 4]A manufacturing method of a semiconductor device of this invention using such 
composition holds inside of a coil to high voltage, and is characterized by heating a processed 
object placed into said coil by light ejected from a light source with which the outside of said 
coil was equipped. 

[001 5]A method of heat treatment of a processed object is a method of irradiating a processed 
object with light ejected from a light source, and heating it. It is for this heat treatment heat- 
treating requests, such as crystallization, activation of an impurity element, and gettering. 
[001 6]A manufacturing method of other semiconductor devices of this invention using such 
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composition, Inside of a coil is held to high voltage, and a gas heated in said coil is supplied 
and it is characterized by heating a processed object placed into said coil by light ejected from 
a light source with which the outside of said coil was equipped. After ending heating, a 
throughput can also be raised by supplying a gas in a coil and cooling said processed object. 
[001 7]A method of performing by spraying heated inert gas on a processed object, and a 
method of heat treatment of a processed object performing it, and also turning on a light 
source, and heating a processed object is also adopted. It is for this heat treatment heat- 
treating requests, such as crystallization, activation of an impurity element, and gettering. 
[0018]The 1st phase of spraying heated inert gas on a processed object, and a method of heat 
treatment of a processed object performing it. and also blinking a light source to pulse form in 
less than periodic 1 second, and heating a processed object, A method of performing by the 
2nd phase of blinking said light source to pulse form in more than periodic 1 second, and 
heating a processed object is also adopted. It carries out for accumulating and this 1st phase 
is a thing which preheats a processed object to a predetermined temperature for the 2nd heat 
treatment to heat-treat requests, such as crystallization, activation of an impurity element, and 
gettering. 

[0019]As a processed object, it is the semiconductor membrane etc. which were formed on 
substrates, such as glass or quartz, and an impurity range where an impurity of one 
conductivity type was added may be formed in semiconductor membrane. Gate dielectric film, 
a gate electrode, etc. may be formed. 
[0020] 

[Embodiment of the InventionjHereafter, with reference to drawings, an embodiment of the 
invention is described in detail. Drawing 1 explains the composition of the thermal treatment 
equipment of this invention. The thermal treatment equipment shown in drawing 1 has 
composition which equipped with the load chamber 102, the unloading chamber 103, the 
preheating room 104, the heat treatment chamber 105, and the lasing room 106 the 
surroundings of the conveying room 101 provided with the transportation means 108 to which 
a substrate is moved. These rooms can be held to high voltage by the force means 127. It 
connects with the conveying room 101 via the gates 107a-107e. 

[0021]The heat treatment chamber 105 is equipped with the light source 1 18, and the light is 
made to switch on with the power supply unit 119. 

[0022]The gas introduced when making the inside of the coil 160 into high voltage uses inert 
gas, such as nitrogen, helium, argon, krypton, and neon. Anyway, it is desirable that it is a 
medium with an absorptivity small to the radiant heat of the light source 118. Although this gas 
is supplied from the cylinder 1 16b, before introducing into the coil 160, the gaseous heating 
method 112b and the cooling method 1 13b are established as a means to supply such a gas. 
It is for this carrying out heating or cooling of the processed object installed in the coil 160, and 
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a gas is introduced into the coil 160 by one of these courses. The gas supplied to the coil 160 
is circulated by the circulator 1 15b, and cools a substrate. In this case, in order to maintain 
gaseous purity, it is desirable to form the purifier 1 14b on the way. The purifier 1 14b may use a 
getter material and may use the cold trap by liquid nitrogen. After using a vacuum by an 
exhaust means before using high voltage, it can also be made high voltage using desired gas. 
It has the turbo-molecular pump 1 09 and the dry pump 1 1 0 as the exhaust means 1 1 1 . Of 
course, it is possible to use other vacuum pumps for an exhaust means. It has the automatic 
control valve 128 and the dry pump 110 as the exhaust means 131 decompressed from high 
voltage to atmospheric pressure. In order to adjust the flow of exhaust air, mass flow meter 
etc. may be used between an automatic control valve and a dry pump. Of course, the opening 
and closing valve of a manual type may be installed, and other exhaust air pumps may be 
used. 

[0023]The light source 1 18 is turned on with the power supply unit 119. The flow of lighting of 
the light source 118 and putting out lights, and the gas passed to the heat treatment chamber 
105 is interlocked and changed. A processed object is quickly heated by lighting of the light 
source 1 18. A warm up period is heated to preset temperature (for example, 1 150 **) with the 
heating rate of 100-200 **/second. Preset temperature is a temperature detected by the 
temperature detecting means placed near the processed board. A thermo pile, a themio 
couple, etc. are used as a temperature detecting means. 

[0024]For example, if it heats with the heating rate of 150 **/second, it can heat in a little less 
than 7 seconds to 1100 **. Then, it holds to a certain fixed time preset temperature, and 
lighting of a light source is intercepted. 

[0025JA halogen lamp, a metal halide lamp, a high-pressure mercury lamp, a high-pressure 
sodium lamp, a xenon lamp, etc. can be used for a light source. The light source 118 may be 
divided into the 1st phase of a request carrying out time point light, continuing, blinking to pulse 
form in less than periodic 1 second, and heating a processed object, and the 2nd phase of 
blinking to pulse form in more than periodic 1 second, and heating a processed object, and 
may be performed. The 1st phase is performed in order to carry out preheating of the 
processed object, and it performs heating up to about 200-400 **. The 2nd phase is heating 
aiming at heat treatment, lengthens the lighting times of the light source 118, and heats a 
substrate to a desired temperature. 

[0026]Pulse form lighting of the light source 118 is performed In order to heat the 
predetermined field of a processed object selectively. For example, if a halogen lamp with 
spectrum distribution strong against an infrared region is used when there is semiconductor 
membrane on a glass substrate as a processed object, semiconductor membrane can be 
substantially heated at not less than 600 **, without changing a glass substrate. 
[0027]Like the 1st phase of blinking to pulse form in less than periodic 1 second, and heating a 
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processed object, an example of the circuit which enables pulse form discharge with a short 
cycle is shown in drawing 6. The circuit of drawing 6 (A) is a pulse foaming network (Pulse 
Forming Network) circuit, and the pulse shape is made into the square wave by adding the 
damped oscillation of one 3 times the cycle by L2, C2, and R of this to the critical damping 
discharge by L1, C1, and R. With the pulse width of 10 nanoseconds - 100 milliseconds, the 
output of about 10 MA is attained by such a discharge circuit. Variable is possible for the 
temporal duration of discharge by the value and connection number of stages of L and C, The 
output is supplied to the light sources Hl-Hn, as shown in drawing 6 (B). The 2nd phase of 
blinking to pulse form in more than periodic 1 second, and on the other hand heating a 
processed object performs a battery with business, a flywheel generator, etc. 
[0028]Heat treatment installs a processed object in the heat treatment chamber 105 held under 
atmospheric pressure, introduces the gas heated by the force means 127 and the heating 

method 112b as the 1st phase, and maintains it at 1.1x10 ^ - 2.5x10 ^Pa. Simultaneously, a 
processed object is heated to 200 to about 400 with the introduced gas. This gas may be 
circulated according to the course of the purifier 1 14b, the circulatory organ 1 15b, and the 
heating method 112b. Heating which blinks the light source 118 the short interval not more 
than periodic 1 second as this 1st phase may be added. Then, heat treatment which carries 
out the multiple-times exposure of the pulsed light of the lighting times for 1 to 60 seconds from 
the light source 1 18 as the 2nd phase is performed. After predetermined heat treatment 
finishes, a gaseous inflow path is changed and it introduces via the cooling method 1 13b. 
Temperature of the gas which carries out for accumulating and is cooled to which this cools a 
processed object is carried out to to a room temperature - a liquid-nitrogen-temperature grade. 
[0029]Thus, the thermal treatment equipment of this invention is characterized by using for the 
temperature beyond a room temperature heating or the gas cooled from the room temperature 
to the temperature not more than it, in order to shorten the time concerning heating and 
cooling of a processed object. It is characterized by making the inside of a coil into high 
voltage using the gas to introduce. Since the melting point of a processed object or a gas falls 
rather than processing with atmospheric pressure by carrying out under high voltage, a 
temperature suitable for heat-treating on said processed object falls, and the heating up time to 
said temperature for which it was suitable can be shortened. Since the gas which is low 
temperature and is further introduced rather than a temperature suitable for heat-treating on a 
processed object under atmospheric pressure turns into a medium and tells heat, in the 
atmosphere and the processed object in a coil, improvement in uniformity of heating of said 
temperature for which it was suitable is attained. Since the impurity element which exists the 
inside of the atmosphere and in CR will be remarkably reduced in said coil if a gas is 
introduced and the inside of said coil is pressurized after exhausting the inside of a coil (a 
vacua is used preferably.), it can heat-treat suitably. Since the oxygen density in said coil can 
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be fallen especially remarkably, oxidation of a processed object can be controlled, activation of 
an impurity can be promoted, and high heat treatment of reproducibility can be performed. 
Thus, it becomes possible to heat only semiconductor membrane selectively, without heating 
the substrate itself so much by shortening cooking time by making actual cooking temperature 
low, and irradiating with the light selectively absorbed by semiconductor membrane from a light 
source. 

[0030]The preheating room 104 performs heating and cooling of a processed object more 
positively, heats or cools the inert gas supplied from the cylinder 1 16a by the heating method 
1 12a or the cooling method 1 13a, and has composition sprayed on a processed object. The 
preheating room 104 is similarly held by the exhaust means 1 1 1 at high voltage, and, as for 
the introduced gas, it is possible to also make it circulate by the purifier 1 14a and the 
circulatory organ 1 15a. 

[0031 ]The attached lasing room 106 is a processing chamber which heat-treats a processed 
object by a laser beam, and it has the optical system 122 for irradiating a processed object 
with the laser oscillator 121 and a laser beam with a predetermined energy density, etc. 
[0032] Drawing 2 is a figure explaining the details of the heat treatment chamber 105. There is 
the coil 160 formed with quartz in the heat treatment chamber 105, and the light source 1 18 is 
formed in the outside. Although a processed object is installed in the coil 160, in order to make 
temperature distribution uniform, a processed board is put on a pin. The force means 127 is 
used in order to supply the gas in a coil and to hold to high voltage. The exhaust means 1 1 1 
consists of the turbo-molecular pump 109 and the dry pump 1 1 1 preferably, and it is used in 
order to exhaust the gas in a coil. It uses in order to decompress the exhaust means 131 from 
high voltage to atmospheric pressure, and the exhaust means 1 1 1 is used in order to 
decompress from atmospheric pressure. The temperature detecting means 124 which used 
the thermo couple performs measurement of the temperature heated with the light source 118. 
The sensors 125, such as a thermo pile, are formed in the coil 160, and the cooking 
temperature of a processed object is monitored indirectly. 

[0033]Also in heat treatment under high voltage, heating efficiently is possible by using the 
wavelength range with which the radiation from a light source is absorbed by the processed 
object. 

[0034]The light source 118 carries out operation of lighting and putting out lights with the 
power supply unit 119. The computer 120 is concentrating and controlling operation of this 
power supply unit 119, the gaseous heating method 112b and the cooling method 113b, the 
purifier 114b, and the circulatory organ 115b. 

[0035]The coil 160 has dual structure and the processed object is installed inside the inner 
tube 161. The inert gas supplied via the heating method 112b or the cooling method 113b is 
supplied between the coil (outer tube) 160 and the inner tube 161, and is supplied inside the 

http://www4.ipdl jnpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http 8/25/2008 



JP,2002-246327,A [DETAILED DESCRIPTION] 



Page 8 of 20 



inner tube 161 from the fine pores provided in tlie inner tube 161. 

[0036]ln order to make the inside of the coil 160 into high voltage, it is necessary to make this 
coil 160 into the construction material and thickness which can bear high voltage. The coil 160 
may be sealed with the high pressure vessel which consists of 129 and 130 if needed. Since 
the application of pressure to a substantial coil will become small if it is higher than 
atmospheric pressure and the inside of this high pressure vessel is made into high voltage or 
low pressure using said high pressure vessel for a while than a coil, the construction material 
of said coil and restrictions of thickness decrease. Since a processed object is irradiated with 
the light from the light source 118, the high pressure vessel portion corresponding to the field 
to a processed object with which it irradiates at least presupposes that they are the 
transmission materials to said light. For example, if said light is visible light, 129 will be formed 
with synthetic quartz and 130 will be formed by stainless steel, a processed object can be 
in'adiated, without interrupting the light from a light source. A force means and the heating 
method 127, and the exhaust means 111 and 131 are installed in a high pressure vessel as 
well as a coil. The same thing of the gas introduced into a high pressure vessel and a coil is 
desirable. 

[0037] Drawinq 3 is other examples of composition in the heat treatment chamber 105, and 
shows the composition which was made into a means to heat and cool the inert gas supplied 
in the coil 160, and was directly linked with the coil 160 using the radiator 162. It connects with 
the heat exchanger 126 and the radiator 162 performs heating or cooling. Let other 
composition be the same things as drawing 2 . 

[0038] Drawing 4 shows the composition of the preheating room 104, and the inert gas supplied 
via the heating method 1 12a or the cooling method 1 13a from the cylinder 1 16a is supplied in 
the preheating room 104 through the porous material 107. Although the shower board etc. 
which provided much fine pores may be used, it is desirable to carry out using the porous 
material formed with ceramics etc. for spraying inert gas uniformly with the substrate 100. In 
addition, the composition of the exhaust means 1 1 1 etc. shall follow explanation of drawing 1 . 
[0039]An example of the composition of the heating method of inert gas and a cooling method 
suitable for the thermal treatment equipment of this invention is shown in drawing 5. Drawing 5 
(A) shows an example of a heating method, and the fin 152 formed with titanium and tungsten 
of the high grade inside [ which passes a gas ] the cylinder 150 is formed. The cylinder 150 is 
formed with quartz of translucency, etc. and heats the fin 152 by radiation of the light source 
150 provided in the outside. Although a gas contacts the fin 152 and is heated, by providing a 
heat source in the exterior of the cylinder 150, contamination is prevented and the purity of the 
gas to pass can be maintained. 

[0040]An example of the cooling method was shown, the fin 154 formed with titanium and 
tungsten of the high grade in the cylinder 153 which passes a gas was formed, and drawing 5 

http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fvsww4.ip... 8/25/2008 



JP,2002-246327,A [DETAILED DESCRIPTION] 



Page 9 of 20 



(B) has connected with the heat exchanger 155 with the heat pipe. A gas contacts the fin 154 
and is heated. 

[0041]As mentioned above, when the heat-resistant low substrate of glass etc. is used by 
using this invention, the method and such heat treatment which carry out activation of the 
impurity element added to semiconductor membrane by short-time heat treatment and 
gettering processing of semiconductor membrane can be enabled. And such heat treatment is 
incorporable into the manufacturing process of a semiconductor device. The composition of 
the thermal treatment equipment shown in this example is an example, and is not limited to the 
composition shown here. The thermal treatment equipment of this invention has the feature in 
a means to cool a processed board, and the composition which irradiates pulse form with the 
light from a light source under high voltage, and makes semiconductor membrane heat, and if 
such composition is satisfied, other composition in particular will not be limited. 
[0042]Of course, the **** device of this invention can be used for the heat treatment process of 
the integrated circuit which used not only TFT but the semiconductor substrate. 
[0043] 

[Example][Example 1] Drawing 7 explains the example which crystallizes an amorphous 
semiconductor film using the thermal treatment equipment of this invention. 
[0044]ln drawing 7 , the substrate 201 is a substrate of the translucency by alumino borosilicate 
glass or barium borosilicate glass. Thickness uses a 0.3-1.1 -mm thing. The amorphous silicon 
film 203 is formed with plasma CVD method on this substrate 201 . The blocking layer 201 is 
formed so that an impurity element may not mix in an amorphous silicon film by heat treatment 
etc. from the substrate 201. Usually, although silicon is formed using the insulator layer used 
as an ingredient, In this example, the 1st oxidation silicon nitride film produced with plasma 
CVD method from SiH^, N2O, and NH^ 50 nm, Form in a thickness of 100 nm SiH^ and the 

2nd oxidation silicon nitride film produced with plasma CVD method from UJD, these are made 

to laminate, and it is considered as the blocking layer 202. 

[0045]On the amorphous silicon film 203, the metallic element which can low-temperature-ize 
cooking temperature required for crystallization of silicon is added. As a metallic element with 
such a catalysis, iron (Fe), nickel (nickel). It is cobalt (Co), a ruthenium (Ru), rhodium (Rh), 
palladium (Pd), osmium (Os), iridium (Ir), platinum (Pt), copper (Cu), gold (Au), etc., and a kind 
chosen from these or two or more sorts can be used. 

[0046]By weight conversion, 0.1-100 ppm of nickel acetate salting in liquid which contains 1-5 
ppm nickel preferably is applied by a spinner, and the nickel contained layer 204 is formed. In 
this case, in order to Improve familiarity in the solution concerned, as a surface treatment of 
the amorphous silicon film 204, After forming a very thin oxide film with an ozone-containing- 
water solution, etching the oxide film with the mixed liquor of fluoric acid and hydrogen 
peroxide solution and forming the clean surface, it is good to process with an ozone- 
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containing-water solution again, and to form a very thin oxide film. Since the surface of silicon 
is originally hydrophobicity, nickel acetate salting in liquid can be uniformly applied by forming 
the oxide film in this way. 

[0047]Such a processed object of a gestalt is installed in the heat treatment chamber 105 held 
under atmospheric pressure. The inert gas heated by 250 ** by the force means 127 and the 

5 5 

heating method 1 12b as the 1st phase is introduced, and it maintains at 1.1x10 - 2.5x10 Pa. 
Simultaneously, preheating is carried out to a processed object by the introduced inert gas. 
Although time of preheating is made into arbitrary things, it holds in the state for 5 minutes as 
an example. Or when heated beforehand at the preheating room established in others, it can 
also be considered as the preheating for 1 minute. 

[0048]Heating which makes the light source 118 turn on as this 1st phase may be added. 
Then, desired heat treatment which carries out a lighting-times exposure is performed from the 
light source 1 18 as the 2nd phase. After predetermined heat treatment finishes, a gaseous 
inflow path is changed and it introduces via the cooling method 1 13b. This is a thing which 
cools a processed object and to perform for accumulating. 

Temperature of the gas cooled is carried out to to a room temperature - a liquid-nitrogen- 
temperature grade. 

[0049] Although the temperature of the semiconductor membrane heated by the light ejected 
from the light source is not measured directly, radiation intensity is adjusted so that it may 
become 1250 ** as measured value of the thermo sensor using a thermo couple. An 
amorphous silicon film can be crystallized by this heat treatment. Then, the introductory route 
of inert gas is switched and it cools by the inert gas cooled to a room temperature or the 
temperature not more than it by the cooling method. 

[0050]Crystallizing, since hydrogen is carrying out the 10-30 atom % grade remains of the 
amorphous silicon film produced with plasma CVD method into the film and this hydrogen is 
desorbed with heating is usually performed. As heat treatment for that, the multiple-times 
exposure of the about [ lighting-times 0.1 second ] pulsed light may be carried out, 
semiconductor membrane may be heated to about 500 **, and dehydrogenation treatment may 
be performed. By carrying out under high voltage, this dehydrogenation treatment can be 
promoted more. 

[0051]ln this way, even if an amorphous silicon film can be substantially crystallized in the 
cooking time for 10 seconds - several minutes several seconds and a point [ distortion ] uses 
the glass substrate which is 660 **, it can crystallize, without making a substrate distorted. 
[0052][Example 2] How to produce TFT using the crystalline semiconductor film produced by 
doing in this way is explained using drawing 8 . 

[0053]First, in drawing 8 (A), the crystalline semiconductor films 303 and 304 divided into 
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island shape are formed on the substrate 301 of the translucency by alumino borosilicate glass 
or barium borosilicate glass. Between the substrate 301 and semiconductor membrane, the 1st 
insulator layer 302 that was chosen from silicon nitride, silicon oxide, and nitriding silicon oxide 
and that combined one or more kinds is formed by a thickness of 50-200 nm. 
[0054]An oxidation silicon nitride film is formed in a thickness of 50-200 nm with plasma CVD 
method, using SiH^ and N^O as an example of the 1st insulator layer 302. As other gestalten, 

the oxidation silicon nitride film produced from SiH^, NH^, and with plasma CVD method 

50 nm, the two-layer structure where 100 nm of oxidation silicon nitride films produced from 
SiH^ and N^O were made to laminate ~ or, It is good also as a two-layer structure where the 

silicon nitride film and the silicon oxide film produced using TEOS (Tetraethyl Ortho Silicate) 
were made to laminate. 

[0055]And the 2nd insulator layer 305 is formed by a thickness of 80 nm. The 2nd insulator 
layer 305 is used as gate dielectric film, and is formed using plasma CVD method or a 
sputtering technique. It becomes possible to reduce the fixed charge density in a film of the 
oxidation silicon nitride film which makes SiH^ and add O2 and is produced as the 2nd 

insulator layer 305, and it is a material desirable as gate dielectric film. Of course, gate 
dielectric film is not limited to such an oxidation silicon nitride film, and may use insulator 
layers, such as a silicon oxide film and a tantalum oxide film, as a monolayer or a laminated 
structure. 

[0056]Then, as shown in drawing 8 (B), the 1st conducting film and the 2nd conducting film for 
forming a gate electrode on the 2nd insulator layer 305 are formed. The 1st conducting film is 
tantalum nitride and the 2nd conducting film is formed using tungsten. This conducting film 
shall be a thing for forming a gate electrode, and each thickness shall be 30 nm and 300 nm. 
[0057]Then, the resist pattern 308 for forming a gate electrode is formed by a light-beam- 
exposure process. The 1st etching process is performed using this resist pattern. Although 
there is no limitation in an etching method, an ICP (Inductively Coupled Plasma: inductive- 
coupling type plasma) etching method is used suitably. It carries out by supplying RF (13.56 
MHz) electric power of 500W to 0.5-2 Pa and the desirable electrode of the coil type in the 
pressure of 1 Pa, and generating plasma, using CF^ and CI2 as tungsten and gas for etching 

of tantalum nitride. At this time, RF (13.56 MHz) electric power of 100W is supplied also to the 
substrate side (sample stage), and negative auto-bias voltage is impressed substantially. 
When CF^ and CI2 are mixed, tungsten and tantalum nitride can be etched at a respectively 

comparable speed. 

[0058]ln the above-mentioned etching condition, an end can be made into taper shape by the 
shape of the mask by resist, and the effect of the bias voltage impressed to the substrate side. 
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It is made for the angle of a taper part to turn Into 15 to 45 degrees. In order to etch without 
leaving residue on gate dielectric film, it Is good to make etching time increase at a rate of 
about 10 to 20%. Since the selection ratios of an oxidation silicon nitride film to W film are 2-4 
(typically 3), about 20-40 nm of fields which the 2nd insulating layer exposed by over etching 
processing are etched. In this way. the 1st shape electrodes 306 and 307 which comprise 
tantalum nitride and tungsten by the 1st etching process can be formed. 
[0059]And 1st doping processing is performed and a n type impurity (donor) is doped to 
semiconductor membrane. Although there is no limitation in the method, it carries out with the 
ion doping method or ion implantation preferably. The conditions of the ion doping method 

perform a dose as 1x10 - 5x10 ^"^/cm^. Lynn (P) or arsenic (As) is used for the element and 
type target belonging to 15 fellows as an impurity element which gives a n type. In this case, 
the 1st shape electrodes 306 and 307 serve as a mask to the element to dope, carry out **** 
regulation (for example, 20 - 60keV) of the accelerating voltage, and form the 1st impurity 
range 309 and 310 with the impurity element which passed the 2nd insulator layer. It is made 
for the 1st impurity range 309 and the Lynn (P) concentration which can be set 310 to serve as 

the range of 1x10 ^° - 1x10 ^Vcm^. 

[0060]Then, as shown in drawing 8 (C), the 2nd etching process Is performed. Using an ICP 
etching method, etching mixes CF^, CI2. and to etching gas, supplies the RF power (13.56 

MHz) of 500W to a coil type electrode by the pressure of 1 Pa, and generates plasma. RF 
(13.56 MHz) electric power of 50W is supplied to the substrate side (sample stage), and low 
auto-bias voltage is impressed compared with the 1st etching process. Anisotropic etching of 
the tungsten film is carried out by such conditions, and It is made to make the tantalum nitride 
film which is the 1st conductive layer remain. In this way, the 2nd shape electrodes 31 1 and 
312 which comprise tantalum nitride and tungsten by the 1st etching process are formed. 
About 10-30 nm of portions which are not covered with this etching process by tantalum nitride 
are etched, and the 2nd Insulator layer becomes thin. 

[0061 ]The dose in the 2nd doping processing is made less than the 1st doping processing, and 
dopes a n type impurity (donor) on condition of high acceleration voltage. For example, 

accelerating voltage is set to 70 - 120keV, it carries out with the dose of 1x10 ^"^/cm^, and the 
2nd impurity range is formed inside the 1st impurity range. Doping passes the exposed 
tantalum nitride and adds an impurity element to the semiconductor membrane of the bottom. 
In this way, the 2nd impurity range 313 and 314 that laps with tantalum nitride is formed. 
Although this impurity range changes with the thickness of tantalum nitride, that peak 

concentration changes in the range of 1x10 - 1x10 ^^/cm^. Depth distribution of the n type 

impurity of this field is formed with a certain distribution rather than Is uniform. 

[0062]And as shown in drawing 8 (D), the mask 315 by resist is formed, and a p type impurity 
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(acceptor) is doped to the semiconductor membrane 303 and 304. Typically, boron (B) is used. 
It is made for the impurity concentration of the 1st p type impurity addition field 316 and 317 to 

20 21 3 

serve as 2x1 0 - 2x1 0 /cm , it adds 1 .5 to 3 times as much boron as the phosphorus 
concentration to contain, and has become a p type about the conductivity type. 
[0063]Then, as shown in drawing 9, heat treatment which activates the impurity of the 
crystallinity of semiconductor membrane recovered and added is performed. A processed 
object is introduced in the coil held at the high pressure state using the thermal treatment 
equipment explained in an embodiment, and the exposure of the light ejected from the light 
source performs this heat treatment. It irradiates with said light from one side or both sides of a 
substrate by using the tungsten halogen lamp 319 as a light source. Heat treatment performed 
where it carried out the bottom of high voltage and an oxygen density is reduced to 10 ppm or 
less can be performed without oxidizing the surface of the gate electrode exposed in this 
stage. 

[0064]By this heat treatment, an impurity is activated and gettering of the catalyst element 
used for crystallization from the field of the semiconductor membrane which laps with the 
electrode of the 2nd shape, i.e., a channel forming region, can be carried out to the impurity 
range where phosphorus and boron were added. Here, hydrogen is simultaneously 
incorporated into the field to which boron was added at the time of ion doping, when that 
hydrogen re-emits by this heat treatment, a dangling bond is generated so much temporarily, 
and it is thought that it acts as a gettering site. 

[0065]Then, the supplementary insulation film 318 which comprises an oxidation silicon nitride 
film or a silicon nitride film as shown in drawing 10 is formed in a thickness of 50 nm with 
plasma CVD method. The 410 ** heat treatment using clean oven can bring about the 
hydrogen desorption from this supplementary insulation film 318, can hydrogenate 
semiconductor membrane, and can compensate a defect. 

[0066]The interlayer insulation film 321 is formed with organic insulating material materials, 
such as polyimide or an acrylic, and carries out flattening of the surface. Of course, the silicon 
oxide formed using TEOS with plasma CVD method may be applied. 
[0067]Subsequently, the contact hole which arrives at the impurity range of each 
semiconductor membrane from the surface of the interlayer insulation film 321 is formed, and 
wiring is formed using aluminum, Ti, Ta, etc. In drawing 8 (D), 322-323 become a source line 
or a drain electrode. In this way, it is ****** to form n channel type TFT and p channel type TFT. 
Although each TFT is shown as a simple substance here, a CMOS circuit, an NMOS circuit, 
and a PMOS circuit can be formed using these TFT(s). 

[0068][Example 3] Drawing 1 1 (A) shows the composition in which the picture element part 
402 which comprises the drive circuit 401 which comprises p channel type TFT403 and n 
channel type TFT404 on the same substrate, and n channel type TFT405 by the process of 
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Example 2 was formed. Although n channel type TFT405 has multi-gate structure, a making 
process is performed similarly. The retention volume which becomes the picture element part 
402 from the capacity electrode 409 made from the same process as the semiconductor 
membrane 414, the 2nd insulator layer, and a gate electrode is formed. 412 Is a picture 
element electrode and 410 is a bonding electrode which connects the data line 408 and the 
impurity range of the semiconductor membrane 413. Although 41 1 is a gate line and it is not 
shown in the figure, it has connected with the 3rd shape electrode 407 which functions as a 
gate electrode. This 3rd shape electrode 407 is fonned by etching the tantalum nitride of the 
2nd shape electrode. 

[0069]Various functional circuits, such as a shift register, a level shifter, a latch, and a buffer 
circuit, can be fornied using p channel type TFT403 of the drive circuit 401 , and n channel type 
TFT404. The A-A'A-A shown in plan of pixel showing section structure of between by drawing 
12' line shown by drawing 1 1 (A) is supported. The B-B'B-B shown in plan of pixel showing 
section structure of between by drawing 12 ' line shown by drawing 1 1 (B) is supported. 
[0070]A liquid crystal display and the luminescent device which forms a picture element part by 
a light emitting device can be formed from such a substrate. Drawing 13 is an outline view of a 
substrate in which the drive circuit and the picture element part are formed of TFT. On the 
substrate 501, the picture element part 506 and the drive circuits 504 and 505 are formed. The 
input terminal 502 is formed in one end of a substrate, and the wiring 503 linked to each drive 
circuit is taken about. 

[0071 ]For producing a liquid crystal display, a counter substrate is pasted together with a gap 
using a sealant, and a liquid crystal is poured into the gap. A luminescent device forms an 
organic light emitting element in a picture element part. Thus, according to this example, 
various kinds of semiconductor devices are producible. 

[0072][Example 4] As Example 1 is shown, the method of adding the metallic element which 
has a catalysis all over an amorphous semiconductor film on the whole surface, and 
crystallizing can be carried out using the thermal treatment equipment of this invention, but it is 
desirable to carry out gettering of the metallic element and to remove it after that, more 
preferably. 

[0073] Drawing 14 is a figure explaining the one example, and after it adds the metallic element 
which has a catalysis all over an amorphous semiconductor film on the whole surface and 
crystallizes, it is the method of performing gettering. In drawing 14 (A), the substrate 601 can 
use barium borosilicate glass, alumino borosilicate glass, or quartz. An inorganic insulating film 
is formed in the surface of the substrate 601 by a thickness of 10-200 nm as the blocking layer 
602. Omitting is also possible when providing since the alkaline metal contained in a glass 
substrate does not diffuse the blocking layer 602 in the semiconductor membrane formed in 
this upper layer, and using quartz as a substrate. 
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[0074]The semiconductor material which uses silicon as the main ingredients is used for the 
semiconductor membrane 603 which has the amorphous structure formed on the blocking 
layer 602. Typically, an amorphous silicon film or an amorphous silicon germanium film is 
applied, and it forms in a thickness of 10-100 nm by plasma CVD method, a vacuum CVD 
method, or a sputtering technique. In order to obtain a good crystal, it is desirable to use not 
only the thing for which it is necessary to reduce the impurity concentration of the oxygen 
contained in the semiconductor membrane 603 which has amorphous structure, nitrogen, 
carbon, etc. as much as possible, and the material gas of a high grade is used but also the 
CVD system corresponding to an ultrahigh vacuum. 

[0075]Then, the metallic element which has a catalysis which promotes crystallization in the 
surface of the semiconductor membrane 603 which has amorphous structure is added. The 
nickel acetate salting in liquid which contains 1-10 ppm nickel by weight conversion is applied 
by a spinner, and the catalyst contained layer 604 is formed. In this case, in order to improve 
familiarity in the solution concerned, as a surface treatment of the semiconductor membrane 
603 which has amorphous structure, After forming a very thin oxide film with an ozone- 
containing-water solution, etching the oxide film with the mixed liquor of fluoric acid and 
hydrogen peroxide solution and forming the clean surface, it processes with an ozone- 
containing-water solution again, and the very thin oxide film is formed. Since the surface of 
semiconductor membrane, such as silicon, is originally hydrophobicity, nickel acetate salting in 
liquid can be uniformly applied by forming the oxide film in this way. 
[0076]Of course, the catalyst contained layer 604 is not limited to such a method, but may be 
formed by a sputtering technique, vacuum deposition, plasma treatment, etc. 
[0077]Then, the crystalline semiconductor film 605 shown in drawing 14 (B) by the exposure of 

pulsed light under the high voltage of 1.1x10 ^ - 2.5x10 ^Pa can be formed using the thermal 
treatment equipment of this invention like Example 1 . 

[0078]ln order to repair the defect which furthermore raises a crystallization rate (the crystal 
component in the whole film product comparatively), and is left behind in a crystal grain, it is 
also effective to irradiate with a laser beam to the crystalline semiconductor film 605. An 
excimer laser beam with a wavelength of 400 nm or less, the 2nd harmonics of an YAG laser, 
and the 3rd harmonics are used for laser. Anyway, the laser beam concerned is condensed to 

100 - 800 mJ/cm in an optical system using a pulse laser beam with a repeat frequency of 
about 10-1000 Hz, and the lasing to the crystalline semiconductor film 605 may be performed 
with the overlapping rate of 50 to 98%. 

[0079]ln this way, the metallic element (here nickel) remains in the crystalline semiconductor 
film 605 obtained, in a film, it is distributed uniformly ~ **** ~ carry out ~ if It is considered as 

average concentration, it remains by the concentration exceeding 1x10 ^^/cm^. Of course. 
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although it is possible to begin TFT and to form various semiconductor devices also in such 
the state, it is desirable to remove the element concerned by gettering more preferably. 
[0080] Drawing 14 (B) shows the process of adding a rare gas element or a rare gas element, 
and the impurity element of one conductivity type to the crystalline semiconductor film 605 by 
the ion doping method, in order to form the gettering site 608. A rare gas element or a rare gas 
element, and the impurity element of one conductivity type are added to the field which the 
silicon oxide film 606 for masks was formed in the thickness which is 100-200 nm, the aperture 
607 was formed in the surface of the crystalline semiconductor film 605, and the crystalline 
semiconductor film exposed. Concentration in the crystalline semiconductor film of a rare gas 

19 21 3 

element is made into 1x10 -1x10 /cm . 

[0081]This doping adds a rare gas element, after adding preferably the phosphoretted 
hydrogen (PHg) or diborane (B2Hg) diluted to 3 to 5% 1 to 10% from hydrogen. Or PH^ or 

B2Hg preferably diluted to 3 to 5% is added 1 to 10% with rare gas. However, more preferably, 

only a rare gas element is added by the ion doping method, and a gettering site is formed. 
[0082]As a rare gas element, a kind chosen from helium (helium), neon (Ne), argon (Ar), 
krypton (Kr), and a xenon (Xe) or two or more sorts are used. Typically, argon is used. It has 
the feature to inject [ this invention uses these inert gas as ion sources, in order to form a 
gettering site, and ] it into semiconductor membrane with the ion doping method or ion 
implantation. There are two meanings which pour in the ion of these inert gas. One is forming 
a dangling bond by pouring and giving distortion to semiconductor membrane, and other one is 
giving distortion by pouring in the ion concerned between the lattices of semiconductor 
membrane. Although the pouring can fill the ion of inert gas for these both simultaneously, 
especially the latter is notably obtained, when an element with a bigger atomic radius than 
silicon, such as argon (Ar), krypton (Kr), and a xenon (Xe), is used. 
[0083]The gettering can make the gettering site 608 carry out the segregation of the metallic 
element, if heat treatment of 14 hours is performed in a nitrogen atmosphere in 450-800 ** and 
1 to 24 hours, for example, 550 **. Or the exposure of the light ejected from the light source 

under the high voltage of 1.1x10 ^ - 2.5x10 ^Pa can also perform using the thermal treatment 
equipment of this invention like Example 1 . In that case, in order to finish gettering effectively, 
temperature of the semiconductor membrane heated by said light is made into the temperature 
of the grade which eases a lattice and does not remove distortion. 

[0084]Then, if etching removes a gettering site, the crystalline semiconductor film 609 in which 
the concentration of the metallic element was reduced as shown in drawing 14 (C) will be 
obtained. In this way, if crystals cylindrical [ the formed crystalline silicon film 608 ] or 
needlelike gather and the crystal is macroscopically seen in each, it will grow up with a certain 
specific directivity. When a gettering site is especially formed only using a rare gas element, 
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TFT shown in Example 2 or 3 using this crystalline semiconductor film 609 as it is can be 
formed. 

[0085][Example 5] Drawing 15 explains how to introduce selectively the element which 
promotes crystallization of semiconductor membrane. In drawing 15 (A), in using a glass 
substrate as the substrate 601, it forms the blocking layer 602. The semiconductor membrane 
603 which has amorphous structure as well as Example 1 is formed. 
[0086]And the 1 00-200-nm-thick silicon oxide film 610 is formed upwards on the 
semiconductor membrane 603 which has amorphous structure. Although the manufacturing 
method of a silicon oxide film is not limited, orthosilicic acid tetraethyl (Tetraethyl Ortho 
Silicate:TEOS) and are mixed, for example, Consider it as the reaction pressure of 40 Pa, 

and the substrate temperature of 300-400 **, and it is made to discharge by 0.5-0.8W/cm of 
high frequency (13.56 MHz) power-flux-denslty ^, and forms. 

[0087]Next, the opening 61 1 is formed in the silicon oxide film 610, and the nickel acetate 
salting in liquid which contains 1-10 ppm nickel by weight conversion is applied. Thereby, the 
catalyst metal containing layer 612 is formed and it contacts the semiconductor membrane 603 
only at the pars basilaris ossis occipitalis of the opening 611. 

[0088]The crystalline semiconductor film 605 shown in drawing 15 (B) by the exposure of the 

light ejected from the light source under the high voltage of 1 .1x10 ^ - 2.5x10 ^Pa can be 
formed using the thermal treatment equipment of this invention like Example 1. In this case, 
silicide is formed in the portion of the semiconductor membrane which the metallic element 
used as a catalyst touched, crystallization makes it a core, and crystallization advances in the 
direction parallel to the surface of a substrate. In this way, if crystals cylindrical [ the fornned 
crystalline silicon film 614 ] or needlelike gather and the crystal is macroscopically seen in 
each, it will grow up with a certain specific directivity. 

[0089]Subsequently, using the opening 61 1 , similarly, by the ion doping method, only a rare 
gas element adds a rare gas element and the impurity element of one conductivity type, and 
forms the gettering site 615. The gettering can make the gettering site 615 cany out the 
segregation of the metallic element, if heat treatment of 14 hours is performed in a nitrogen 
atmosphere in 450-800 ** and 1 to 24 hours, for example, 550 **. Or the exposure of the light 

ejected from the light source under the high voltage of 1.1x10 ^ - 2.5x10 ^Pa can perform 
using the thermal treatment equipment of this invention like Example 1 . Also in such a case, in 
order to finish gettering effectively, temperature of the semiconductor membrane heated by 
said light is made into the temperature of the grade which eases a lattice and does not remove 
distortion. 

[0090]Then, if etching removes a gettering site, the crystalline semiconductor film 616 in which 
the concentration of the metallic element was reduced as shown in drawing 15 (D) will be 
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obtained. TFT shown in Example 2 or 3 using this crystalline semiconductor film 609 as it is 
can be formed. 

[0091][Example 6] In the manufacturing process of TFT shown in Example 2, the gettering 
using a rare gas element as shown In Example 4 or Example 5 can acquire the same effect by 
adding a rare gas element to the impurity range for forming the source region and a drain area. 
That is, the concentration of the metallic element which remains in a channel forming region 
can be reduced by performing heat treatment for the activation which lowers the resistivity of 
the impurity range concerned and which is performed for accumulating. 
[0092][Example 7] Various semiconductor devices can be manufactured by using this 
invention. As such a semiconductor device, a video camera, a digital camera, a goggle type 
display (head mount display). The picture reproducer provided with a navigation system, sound 
systems (a car audio, an audio component stereo, etc.), a note type personal computer, a 
game machine machine, Personal Digital Assistants (a mobile computer, a cellular phone, a 
handheld game machine, or a digital book), and a recording medium etc. are mentioned. The 
example of these semiconductor devices is shown in drawing 16 and drawing 17 . 
[00931 Drawing 16 (A) is the monitor of a disk top type personal computer etc., and comprises 
the case 3301 , the buck 3302, the indicator 3303, etc. The indicator 3303 and other integrated 
circuits can be manufactured by using this invention. 

[0094] Drawing 16 (B) is a video camera and contains the main part 331 1 , the indicator 3312, 
the voice input part 3313, the operation switch 3314, the battery 3315, and television part 3316 
grade. The indicator 3312 and other integrated circuits can be manufactured by using this 
invention. 

[0095] Drawing 16 (C) is some head mount EL displays (right piece side), and contains the 
main part 3321 , the signal cable 3322, the head fixing band 3323, the projection part 3324, the 
optical system 3325, and indicator 3326 grade. The indicator 3326 and other integrated circuits 
can be manufactured by using this invention. 

[00961 drawing 16 - - (- D --) - a recording medium -- having had - picture reproducer 
(specifically DVD reproducer) - it is - a main part - 3331 - recording media (DVD etc.) - 
3332 - an operation switch - 3333 -- an indicator - (-- a -) - 3334 -- an indicator - (- b -) - 
3335 - etc. - from - changing - **** . an indicator - (- a -) - 3334 - mainly - picture 
information - displaying - an indicator - (- b -) - 3335 - mainly - text - displaying - 
although -- this invention - using -- things -- an indicator - (-- a -) - 3334 - an indicator - (- 
b -) - 3335 - in addition to this, an integrated circuit can be manufactured. A home video 
game machine machine etc. are contained in the picture reproducer provided with the 
recording medium. 

[0097] Drawing 16 (E) is a goggle type display (head mount display), and contains the main 
part 3341, the indicator 3342, and the arm part 3343. The indicator 3342 and other integrated 
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circuits can be manufactured by using tills invention. 

[00981 Drawing 16 (F) is a note type personal computer, and contains the main part 3351, the 
case 3352, the indicator 3353, and l<eyboard 3354 grade. The indicator 3353 and other 
integrated circuits can be manufactured by using this invention. 

[0099] Drawing 17 (A) is a cellular phone and contains the main part 3401 , the voice output part 
3402, the voice input part 3403, the indicator 3404, the operation switch 3405, and the antenna 
3406. The indicator 3404 and other integrated circuits can be manufactured by using this 
invention. 

[0100] Drawing 17 (B) is a car audio and contains the main part 341 1, the indicator 3412, and 
the operation switches 3413 and 3414 in a sound system and a concrete target. The 
luminescent device of this invention can be used by the indicator 3412. Although this example 
shows the audio for mount, it may use for a earned type or a sound system for home use. 
[0101] drawing 17 -- (~ C ~) ~ a digital camera ~ it is ~ a main part ~ 3501 ~ an indicator ~ (~ 
A -) - 3502 ~ an eye contacting part ~ 3503 ~ an operation switch ~ 3504 ~ an indicator ~ (~ 
B -) - 3505 - a battery ~ 3506 ~ containing . By using this invention, the indicator (A) 3502 
indicator (B) 3505 and other integrated circuits can be manufactured. 
[0102]As mentioned above, the scope of this invention is very wide, and applying to various 
electronic devices is possible. Even if the electronic device of this example uses the 
composition which consists of combination like Example 1-6 throats, it is realizable. 
[0103] 

[Effect of the lnvention]As explained above, heat treatment aiming at activation etc. of the 
impurity element which the amorphous semiconductor film crystallized in low temperature and 
a short time, or was added to semiconductor membrane can be conventionally carried out with 
the thermal treatment equipment of this invention. 

[0104]By shortening heat treating time, even if it uses a heat-resistant low glass substrate, a 
heat treating effect can be heightened, and the damage of the heat-resistant low layer formed 
in the semiconductor substrate can be prevented. 

[0105]By performing the above-mentioned heat treatment under high voltage, the melting point 
of a processed object and a gas falls, and it can can7 out at low temperature rather than the 
processing under atmospheric pressure. Therefore, the heating up time to a temperature 
suitable for heat treatment can be shortened. Since the gas to introduce turns into a medium 
and tells heat, improvement in uniformity of heating is attained in the atmosphere and the 
processed object in a coil. Since the impurity element which exists the inside of the 
atmosphere and in CR will be remarkably reduced in said coil if a high pressure state is used 
after exhausting the inside of a coil, it can heat-treat suitably. In particular, the oxygen density 
in said coil is reduced, oxidation of the surface of semiconductor membrane can be controlled, 
activation of an impurity can be promoted, and high heat treatment of reproducibility can be 
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performed. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1 ] 




[Drawing 2] 
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[Drawing 10] 
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1 0 0 4 8 1 n (OH 1 (DmV^t LX%m 118 i:.^SJ$ 
m^^l 1 3 bSr^n-LT^A-rSo ^nn, S^^SLSfl^Sr 

[0 0 4 9] ytmt-hMta^tifcytizx.'omm^n^^ lo 

^--y— ©fflteffiir LT 1 2 5 0°C t J; 9 
[0 0 5 0] ^fc. T'^XVCVDfeTi^M^ttfc^B^B 

i; 3 vMiiim^'tcTk^;^^ 1 0 ~ 3 0 m^%mmm^ 

Mimm 0 . 1 Vv^Tt^^miHlBaW LT^^ 

[0 0 5 1] r 5 LT. *^6<](C{i^#+#~$fc53-rojD 
[0 0 5 21 [*JS0-|)2] ^<73j;9lcLTf^M^nSI§ 

\'^xmm-tho 

[0 0 5 31 *-f. EI8 (A) (C*5V^T. TfV^jTi^r^ 

5S3fettroSffi3 0 i±JcgW-^«^t^fc^B^BW¥^ 
{^M3 0 3. 3 0 4^J^fi|-rS„ *453 0 1 tij^^ 

■frfcH 1*6^3 0 2^5 0~2 0 Onm©J¥$T-ffM-r 

[0 0 5 41 milfe^MS 0 2©-0i]t LT. T'^X-^ 40 
CVD&T'S i H4 1 N2 O^fflv^gEfbSfkv-y =':^MSr 
5 0-200 niD©J? ^ JCjfM-r 5„ ^ (Ote(Of^^, L 
T. y y CV D^X'S iH, tNHz tNiOi}^hi¥ 
KStv^KftSftvy 3:/^^5 Onm. SlH.irNaO 
;4-b{^S$tv5g?fl:gft->y 3>^^1 OOnm^S^-fr 
fc2g«it^, ^VMl. ^fbv^y ^V-^irTEOS (Te 
traethyl Qrtho Silicate) ^fflV^Tf^M^ixSSEfL^ 

[00 5 51 -^tLT. H 2 1611^3 0 5^8 Onm<75jf:$ 

xmf^^-r^, m2Bmm3 o 5 (±^5^- i^mmmt Lxm 50 
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ffl-rStcDT'fcO. ■7°7X-TCVD?£*7t(l^/^°5'^i^fe 
^fflV^-CffM-rSo H2|fegi)g3 0 5i: LT. SiH4 

(Dxt£ < . mitiyv=' ym^mt^ ^y^iy^mi ifomM 

[0 0 5 61 08 (B) iC7r^-tXo\^. Il2*fe 

:L(Dmmmii^-hmm^mf=!^-r^^(Dij(oxh'o. t 

tb^'tl.©fl:${±3 0nniS;t/3 0 Onmit-^o 

[0 0 5 7] ^ro^, ?tS3txmt'j;?), Y-vmm^ 

ffM-fSfcferou'v':^ V3 0 S^fM-rSo 

(DUi^T^ hy<^ — >^m^^X^l(D=^'yf->i^^m^ft 

(Inductively Coupled Plasma : ^^^-^S:^9X-^) 

®3i5/f->i7'ffl;^;:<i: LrCF4 i C 1 2 ^fflV^. 0. 5 
~ 2 Pa, *f 4 L < {4 1 Pa<DjEE;^T- 3 ^ y^MOflilSIC 5 0 
OWiORF (13. 5 6MHz) S;'3SrS:A LT:7"7X^Sr 

OOW(??RF (13. 5 6MHz) Mtl^l&ALX, MW^ 

jc:ftcDge^MT;^fl;ffi^pp*D-r€>o CF* tc\2^m 

[0 0 5 81 -bisks' ^:/^'*#-C{4. U'v^.x hlCiS 
-Sl5cO:^|^f4l 5 — 4 S^t'^^SJ; Sfc, ^ 

iat. 10-20 %mg<oW-g-e3: ift^m 

ittt2~4 (i'imma-iS) Xh^(DX\ :^—y<—3:.y 
^>^^®iSJCit9||2«^^745emLfcBJi2 0-4 
0 rungs J^y^^^^^tbSo Hl£Oa:-/^> 

T^mmm 3 o 6 , 307 ^^m-t s ^ t ^^x-t So 

[0 0 5 91 ^LT, Hl» K-t°>'i?'«iS^m^n^ 
©^*6!^ (K:>— ) ^^ft^MJcK-fc'V^-rSo ^® 

tt-f ;t>}iAfeT-n 9 , ^ V h'-ym<D0imi K-X 
l:?rl X 1 0" ~5X 1 o'Vcm' <k LXn^o nSSr# 

^■r^^mmTcmt lxi smicm-t^Tcm. mmuz 

^tVy (P) ^tcitWim (As) ^ffll>S, 

H 1 5F^4^®1^ 3 0 6 , 3 0 7l4K-t°>>?'-r2)5c«lc>^ 
LT-^^iS'ir^ctO, iDiim/E^iiapgn (0iJx»4', 2 0 
-6 0keV) LT, H2*fe^^aigLfc^^!^5c*{c: 
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^^!^®j^3 0 9. siojbMtsyv (p) mmtlx 

1 0™ ~ 1 X 1 o" /cm (Dl^m t tii) i. b {:i-r So 

[0 0 6 0] l5cV^r. US (C) 9lC^2(03i 

3iy^>i/;!;">^{CCF4 i:C I2 tOj^im^L 
T. \'?&(D^f)-Xi-^y( iX'WonM^^ 0 OWWRFffl;;^ 
(13. 5 6MHz)^tt?^LT:^7XV^^;jg-r5„ SIS 
ftl) — v=) IC(i5 0WC0RF (13. 5 6MHz) 

fl;;'3^SAL. ^1 »Jl5'^:^^^la!;a^-it-<^g:V^ge/< 10 

^im2m^mMs 11,31 2^ffM-r2)„ m2mm 

V^/£V>S|5^/iiSl 0~3 OnInm^^5'^>^~$^^^</£ 

So 

[00 6 1] m 2 K— fVi/^aiCjoft 5 K-Xil± 

^ 1 (7? K- 1° > ^-^ag J; 19 t '>/i < L , 7i-oig*n3$«£E 20 

(i\ *D3ittflE^ 7 0~ 1 2 OkeVi; L. 1 X l o" /cm' 
(75 K-XMT'fTV\ H 1 (D:T^Mtim*^CDrt{|iJlc:^ 2 

-rSo ::9LT, ^<b^'v^/i'i:fi/£S^2^M'l^@J^ 

3 13. 3 14^ff^^i-Sc ^(D^i^i^^Jl^tt, ^{k^ 
X 1 0" ~ 1 X 1 0" /cm' ©eiST'^fb-rSo :i<?5^^ 

[0 0 6 2] ^LXmS (D) I'^-f-J: 9 1-1^-:^^ 
iS-^^:^' 3 1 S^JFML, ^*^M3 0 3, 304fc: 

ttiKn^ (B) SrfflV^So ^10pM^INet»^*Pffi^3 
16. 317 CO^^^Iji^d 2 X 1 0" ~ 2 X 1 0" /c 
m' t/i5ct5*-L. ^W-rsy >l»^»l. 5~3fgO 

[0 0 6 3] ^(D^, 09lC^-rJ;5»-, 
^14«©lel'«t5 J; r/Ss^jp L i fSitit-T 5 f^^S Sr 40 

7felii5'>'^;^x>/>ny>7>'7°3 1 9t:^Jtm.t LTS 
^10 ppm^TJcifi^ L fcl/c^T'tr 5 URiaSli. r 

[0 0 6 4] z<DmMmi^^'ox. ^f^m'^ii\tit-t^ 
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[00 6 5] ^ m 1 0 fr^-r J: 9 \z.mtm.\t'y v 

Sry^7XVCVD&T'5 0nm«/i:$(CffM1"-5o jJ'!' — 
^:/^^fflv^5 4 1 or^flft^iaattr cof!fe»*fe&)^ 

n^^^x^^mm-t^ztt-x^^o ■ 
[0 0 6 6] mmmm.m3 2 i 5 KSfcjir 

[0 0 6 7] ^>:v^T^ mm^Bm3 2 l<?5«ffi>4>fe#^ 

L. A 1 . T i , T a fiif^m^^Xm^^liiJ^-f^. 0 
8 (D) (C*dV^-C3 2 2~3 2 3{iy— ;x^4/ct±Kl/ 

^^/I'ST F T Srff^^-rS r t fi^XK^ So r r T'fim^ 
n.c??TFT^^ft:i: LT^LTV>S;5\ rtV^WTFT 
^^o-CCMOS[H]S§-^NMOSlH]S§, PMOSInlSSSr 

[0 0 6 8] [|liS0ij3] nil (A) mMm2(D 
XSt-<t'9. IrI— S^±lCp^^^^/WMTFT4 0 3, 
n5^-^^'vV'MTFT4 0 4 ;5^Pj;?S;S.^l)!)[5lSg4 0 1 i:, 
n'T^ ^f^^T ¥ T A 0 5i)^hfj^i>mmUA 0 2^SJfM 
$tl'fc«^Sr:T^LTV^S. n^^r^>'^MTFT4 0 5{i 

-CtT^PttSo 4fc, H«a54 0 2^C(±ii^^*ft:M4 1 4, 

4 0 9:a>Pj/£Sey^5^S:/45Ji^^$nTV^S, 4 l 2Hiii 
«m^-C'fc 19 . 4 1 0 (l7'-i$'^4 0 8 t **fr)^4 1 

3(D^w^m^t^mm.-t^mmMMxhi>^ -ttz. 4 

1 1 h^ffc •? . ia'l'{;itt^$nTV^/iV^;i5, y 

- vmmt LTsiBg-rs^3ji^4^mffi4 0 7 tmm\^x 
v^s, crom3?F^4^cm^S4 0 7{±, ^2wmmm<DMit 

[00 6 9] KiljlHl8S4 0 1 CD p ^^^^'U'MT F T 4 0 
3, n^-y^>yWSJTFT4 0 4^fflV^T->y' hUv^>^ 

tg|Hl8S-^ffMt-Sri:;5ST-#S„ 011 (A) T-^-TA 
-A'^oBfffifllitll, ® 1 2-e*-riiim<7)±Slillc:*j 

V>T:^-rA-A'M(-MJj;LTV^S„ Sfc, Hll 

(B) T-^-r B - B' Palco^ffilf 3t(i, [a 1 2 T'Ti^-riii 
m<r>±Mm\^i6\' ^Xrr^-tB - B' ^(CJtiCt; LTI/ ^S, 



(9) 

15 

[0070] z(D^o timm^^^hm^Bmn'^mw.^s m% 

nri/^-SS^w^MEl-c-fe-s. SIS 5 0 1 ±{^«iii*gB 

5 0 6. |gK[HlSS5 0 4. 5 0 575SffM$4xTV^5„ * 

#^lHl8g(c^i^-r5iEj^5 0 3/45§l#[H!^n-CV^?,„ 
[0 0 7 1 1 USa^Bfg^^E^ftMf 5lct±^(^]SS^v' 
[0 0 7 2] [*j^0ij4] ^ffii^iJllCljoV^T^-rip 

[00 7 3] 014 \t^(D-mmm^mm-t?)mxh 

T'fo-5, 014 (A) icioV^-r. mme 0 Hiy<*) <>J-. 

(4. 7'a 6 0 2 t LTM^^^BI^ 1 0~ 2 

0 Onm(Z)ff$-C-?FM-r5)o ^ n j/af ^^^rg 6 0 2 7 

[0 0 7 4] y'o -y^y^me 0 2<D±l,Z.mf&-f-^^BB 30 
10-10 OnmroJ^^FtClJg^i-So fiS'fc^S^^Sfc: 

[0 0 7 5] ^(om. m^Bmrnm^m-ri^m^me 0 40 

^^JJD-r 5o Si^^T* 1 ~ 1 0 p p mCO= yyl^^-^ 
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[00 7 6] mk^^m 6 0 4 J4r J; ^ 

[0 0 7 7] twm^\^xifm^(n>m 

*Q;ai^M^fflV\ 1. 1X10'~2. 5X10'Pa(DS 
J£T(CT^</V'y^3t©HSM(^J;'?!ai 4 (B) tC^-T^Ss^B 
Kili»ft:fli6 0 5 ^ffM-rS ^ t 5„ 
[0 0 7 8] $ e^tCj^H^afb* (^©^f^HtCioft^fga^B 

^$B^BK¥«f*:lll6 0 5{C^L-tu-if-3t 
^BS^f-rSr t tW^-r'foS„ !f-iC(±2S*4 0 0 
m&.y(D=^^'y-7\y-^—%'^. YAGU-if-©B2 
SSIJgi. m3iiifi!K?rfflV^S„ V>-mtcLTt>. 
LjaSfC 1 0 ~ 1 0 0 OHzm^(D^</UP^ tf— Tt^ffl 
V \ Sf^ l/—- tf— Tt^Tt^^^tdT 1 0 0-8 0 OmJ/cm' 
(-^Tfeb, 5 0-9 8%®;t— 7 S'T'^^'bo-t*^ 

[0 0 7 9] - 5 L-C#P>i^5^B^BS*#frlii6 0 5 

^£^mt-rtiit. 1x10" /cm ^m^^mmx-m^i. 

[0 0 8 0] Hi 4 (B) ^■^y•y^'\)'^^'■^'< h6 0 8 

6 0 5lC^*D-r5XS^^LTV^5„ *ga^BS^^<$)m 6 
0 5<D^BICtt. -x'^i5'ffl<7)^fl:->l' ='^^^6 0 6;4U 

0 0-2 0 OTm<Dm^\^M^^t\^. m^U6 OYtmi-f 

itm:ffy-^mt-'mmm(^^¥im7im^ma-t^o 
y^ycm<D^^a^^mi^m'pizi6i-f^^mi^ix i o" - 

1 X 1 o" /cm t-f'^o 

[008 1] ^(Dh'~-\^>yii. 7K^T-1-10%, B 
* L< 143— 5%l;i:^IRL/c>'^P5.7^ >• (PH3) * 
7t(4v^/1^'7V (B2H6) i:mi3aLtzm^^:ff^7tm^^ 
M-r^o *fc(4, #:V;^T-1-1 0%, $fSL<t43- 
5 Ufc PHj SfcfiB: H« i:ma-ri>o LtJ^ 

L. J;'9$f4L<(4. ffr:>f^^m(D^^4 h'-y^ 

[0 0 8 2] *;(/;^5c^i: L-CJ4--y (He) . ^ 
(Ne) , TJUdt:^ (Ar) . i^Vz^h^ (K 

r) , dr-fe/v (xe) /)-hm\iMz-mtfcitmmm 
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-rr i:/i^T't5;5\ #Wt#{iTyw=>> (a r ) . ^ ^) 
-fh> (Kr) . (Xe) a^'J;'?!^ 

[0 0 8 31 ys/iJ'y V^«^m#ffl^4'-C4 5 0-8 

0 Ot;. 1~2 4B#Fb1. 'E^lx.li'S 5 CCt'Tl 4B#rBl© 

i^Mm^n 0 1. ^-y^ V he 0 8 iz-^mTzB 

LT:*:^BJ^D||!l^{]!ailS?rfflV^, l . 1 x i o' ~ 2 . 

5 X 1 o' p a »igJET(cT^i!S;6^e5Wffi$tt/c3fe©Ba 

?s^ti-So 20 
[0 0 8 4] ^<D^. ^s/^vi^'icii^ys/i^y >i/-9- 
-^■^^l^*-rs^:, Ell 4 (c) \c7jk-txoiz.±m7cm 

w 9 LTffM^tifc^B^BM->y ^^-^l^e 0 8(i1$4^*fc 

LfcJ^-^tcd, z.(D^^^am^m-i^m6 o 9 ^^(D^-^m 

30 

1 0 0 8 5 1 [iiife^fij 5 ] iif-m{m<Di^^\t^m^ir 5 

7E*i:ji«^6<j(c^A-r5:^fe^iii 5\zi:y)mm-r^o 
la 1 5 (A) (c*5(/^-c. «is6 0 1 1 Lx^7:^mm.^ 

fflV^^^^tCfi^n -y^y^me 0 2^KltS„ Sit, 

[0 0 8 6] ^LT, #^Hl®«it?r^-t-5¥#«^^6 0 
3±tC±(Cl 0 0-2 0 Oim<Dm&(Dm:it'yV ='>m6 

/iV^^S. ;i-/l^h'5^'l'Kx h7:3^^/W (Tetraeth 40 

yl Ortho Silicate : T E O S ) t02 t ^^-^ 
JE;']4 OPa. &mS.&3 0 0~4 0 0°Ci: L. j^JSiS 
(13. 5 6MHz) m;^iSff0. 5~0. 8W/cm'T'SSt« 

[0 0 8 71 gfft:->L' 3V^6 1 oizmo^G 1 

1 fifimST' 1 ~ 1 0 ppmCD^ s/ -^yuSr-a tf 

^i-X'^m^me 0 3 tmm-t^o 
[0 0 8 81 mmm 1 i isi^ic LT^igB^cDfiftiaiaiiM so 
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1. 1X10° — 2. 5 X 1 o' P a COi^ffiTJ- 
T?tgfA^^Wai$ix^C7tro3B|^(Cj;i9(lIl 5 (B) (C^ 

-Tf^rmm^^mfi^m e o 5 ^t^j^-r 5 r 5o r © 

<Djjm-\±^i, o T^* LTV ^-5, 

[0 0 8 91 i!*:V^-C% rjBqgP6 1 1 ^^iJfflLT. iHlltl- 
y(:t>h'~-:f^X'm:if:^%m(D^. SvMl#:^^5c^i: 

1 5 ^jFM-r^o y 5/ ^ y >^i-im.m^mn^x 450 

~8 0 0t:. l~2 4B#rB^. iyi)x.(i5 5 OttCT 1 4B# 

m<Dm^m^n ot. ^y^fv h e 1 5 iz-^m 

«|{^LT*^B^(75||^^aSE^fflV^. 1. 1X1 o'~ 
2. 5 X 1 0' P a ©ffiJETl-T^M/i^P^I+tB^tvfc^ 

V >i^'^^^mzf^i.Lmif^^izit. miE^tcj: <omm 

[0 0 9 01 ^ro^. :ii.y^Vi/{Cj;>jys'^ll 

hSrl^*-r?>i:. His (D) iZTjki- ^ o \z±m7i.m 

:L(D'^^Bm^mi^m6 0 9i:^(D^^m\''xmmm2t. 

fc» 3 T*^-r T F T SrJFMfS r i: i^X% S„ 

[00 9 11 6 ] mmm 4 s fc«^m^j 5 t-^ 

X'7r^-rTFT(Dm^xmzia\,^X. y—:^mWLisXX/\-' 

>mn^wm-r?>tcit<D^m^mmz^:ff^yzm%: 

mM-r^^tx\ mm^m^i^n^^tMx^^o sn 
mm^^mmi^<DmffLmiTif^fcmznoiBmt 

[00 9 21 mmmvi ^mm^m^'^^ztizx'om: 

f^mmtLX. \f^iri3:^y. fy9)ViJ:f-y. ^-if 

/^ymwrnm. (^y h'-7<>> hy"^ ^yi-^) > -n^^ 

-^'-AMS. ^«t*«i^* (-e/Wyu=>i^f^- 
SlSmiS. ^^®y-A:g|*fcJ4m^^^) . IE 

[00 9 311111 6 {A) \t.7''i Vyfm''<—y-t 
fV=t:^\fz,.—^ti}f<D^=.^—X'h^. Sft:3 3 0 1, 
Si^^3 3 0 2. *^a53 3 0 3/i^:'75^C>i5goTV^5o 
*^e^Srffll>5r ticj;'?. ^^Iai3 3 0 3^^©teS 
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[0 0 9 4] 1316 (B) Ht"xx}-;^^7-r'*>'9. 
3 3 11. *^^3 3 12. =^PAt)^ 3313. mi¥ 
5/^3 3 14. y<y7-])~3 3 15. 3 1 

[0 0 9 5] [316 (C) (i'^y K-7r>>- hE Lx-C^^ 
^W(D-gI5 T*fe«5. J^«i:3 3 2 1 . m^-^ 

—yjU 3 3 2 2. HSCH^/^V K 3 3 2 3 . g.^gp 3 3 

2 4. tft^MS 3 2 5. ^^353 3 2 6^^^t^, 
0J^fflV^5^i:iCj:t). S^gi53 3 2 e^^cDte^iMlHl 10 

1 0 0 9 6 1 E! 1 6 (D) mm.mwt:m^fzm'm-± 

(*^Wl-i4DVDS±S^S) -C-fci9. *f*3 3 3 
1 . IE»^1»: (DVDW) 3 3 3 2. ^^t^-T .>'5^3 3 

3 3. ^7r^% (a) 3 3 3 4. ^^SB (b) 3 3 3 5?^^ 

t^/4^?3fifeoTU^5o (a) 3 3 3 4(±±i: LTB 

^tf#«:^^L. ^^gP (b) 3 3 3 5(i±t L-C3t^ 

(a) 3 3 3 4. (b) 3 3 3 5^^(7)<l!l*fl||H] 

[0 0 9 7] 016 (E) li=f'-^VuM*^aSS (^y 
K-7'?>' hx-f *^*:3 3 4 1. 

353 3 4 2. T— i^Sl53 3 4 3^-atfo *^PJ^fflV>5 
^ <k (C J; I? . ^^95 3 3 4 2^^<^ft!lftaiH]B§*«ijti- 

[00 9 8)016 (F) {47— hS^^— y:^/^=I>h° 
o.-^T'fc'?. *{*:3 3 5 1. S^3 3 5 2. *7j^g|53 
3 5 3. ^-/i^"- K3 3 5 4^^^tfo *^§^?rfflV^5 
r t J; . ^TT^U 3 3 5 3^^cDte*a(HlSg^MJt-t- 30 

I 0 0 9 9 ] 0 1 7 (A) fl^^mtST-S) . *:^3 4 
0 1. ^^ty;^SP3 4 0 2. #^A;'3*H53 4 0 3. 
SB3 4 0 4. yf-S 4 0 5^ T>x■:^340 6 

^-^tPo :*:|8P>^^fflV^^,^tlcJ;t9. «*SP3 4 0 4J^ 

[01001017 (B) l±^SS^^S. J.<*6t)(C{± 

:^—:i—'f^ :^X'h 9 . 3 4 11. ^^gp 3 4 1 

2 . S'5"3413. 3414 Sr-^tfo 

«?feSie(4*^Sl53 4 1 2^;ITfflV^6^i::^i5a43^5^ J 40 

[01011017 (C) »4xv^^-'i';*y7T-*>9. * 
t$:3 5 0 1^ mTj^U (A) 3 5 0 2. ^iggP3 5 0 3. 
^f^^-T S/^S 5 0 4. S^SB (B) 3 5 0 5. /^j/x 
y-3 5 0 6^^tf„ Mtt^ 
(A) 3 5 0 2«^g|5 (B) 3 5 0 5^^(Omfm^ 

[0 10 2] £i±o«ic. ^mm(Dmmmmiimt^rix 
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[0 10 3] 

^£t~i:U^t LfcSfiMH^f SCltTl^'TtSo 

[0104] sfc. ift^asBtrai^® < -t^zt x\ wm 
[0105] * 7t. ±te«i*aa^i^iET-t:iT 
x-t^m.w-t-mw-t^i-:^xm^B^^fzib. 

^mt^m<Dmm<Dmiti)mm^tix^n<^<Dm^it^iS: 

[0 21 5^igBj<z)fR*aai^gwfli^^t5iBj-r50o 

[0 3] :^^m(Dmii}fmmm.<Dmf^^mm-r^mo 

[0 51 Mm^&Rxi-^m^Si(D-mi:mm-t^mo 
[061 /M3y>'7v^7tfif^3tar.i: L. i^3tar.^^^° 

0„ 

[0 7 1 ;i^?g0J(75^^ai^@tc J; 6*«f^l^©||ft<(aa 
[0 8 1 iti»«^^gw{tMxS^lft0Ji-50, 

[0 9 1 :^mm<Dmfmmm\ci:^^mi^fm(DmMm 

:^fe^tft0Ji-50o 

[0101 ^mf^mw:<r>i^mTM=kmmir?>m, 

[0 1 1 1 lEWlHlSg. iii^a5^l^-S«±lc?]^^L/c 

[0121 iSmSBcDli^^lfeB^t- 50, 

[0131 ^^^gO3g^S4S<o^^|fe?^-t-50„ 

[0141 ^mm(D^^^Hmi^m(Di^m:fjmi:m.m 

-r50» 

[0151 *|g?^©^a^BS4^ii«^^«f^»t^fe*BiP^ 

i-S0o 

[0161 ¥^»:^g<^-0iJ*^-t-0„ 
[0171 ^#(*Slg<D-0iJ**-r0, 
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